Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease affecting primarily the synovial tissue in many joints. RA causes pannus formation and joint destruction [1, 2] . Anti-type II collagen antibody is an autoantibody that appears in the blood of patients with RA [3] . The collagen-induced arthritis (CIA) model is the most commonly used animal model of RA. Collagen type II (CII) is a major constituent of the articular cartilage matrix proteins, and immunization with native CII in adjuvant induces autoimmune polyarthritis by stimulating the cross-reactive immune response to homologous collagen [4] . The generation of CII-specific antibodies is required for progression of CIA. CII antibodyinduced arthritis (CAIA) is a kind of murine RA model that can be induced by passive transfer of antibody to CII [5] and is used to evaluate therapeutic effects in inflammatory arthritis [6] .
The pathogenesis of RA is unclear, although clinical trials show that proinflammatory cytokines such as tumor necrosis factor-α (TNF-α) and IL-1β produced by synovial fibroblasts and immune cells play a pivotal role in the maintenance of RA [7] [8] [9] [10] . To determine whether in a single knee joint in the CAIA model can provide a therapeutic reference, we measured the concentration of IL-1β in irrigation fluid and in serum, the relative expression level of IL-1β mRNA in synovial tissue and the foot, and histopathological changes in the knee and ankle joints.
Material and methods

Mice
Male BALB/cByJNarl (BALB/c) mice were purchased at age six weeks from National Laboratory Animal Center (Taiwan) and subsequently bred and maintained under specific pathogen-free conditions in the Laboratory Animal Center of National Defense Medical Center (Taipei, Taiwan).
Induction of arthritis in mice
An arthritogenic monoclonal antibody (mAb) cocktail and lipopolysaccharide (LPS) were purchased from Immuno-Biological Laboratories (Hamburg, Germany) (Chemicon, Germany). Arthritis was induced by the method of Terato et al. [11] using an arthritogenic mAb cocktail that contained four mAbs (F10, A2, D8, and D1) in equal amounts. Three clones (F10, A2, and D8) were of type IgG2a, and one clone (D1) was type IgG2b. To induce arthritis, each mouse was injected intravenously with 2 mg of anti-CII mAbs followed by an intraperitoneal injection of 50 µg (BALB/c background) LPS (Escherichia coli 0111:B4) three days later. Isotype IgG (anti-mouse IgG, 2 mg, Jackson Lab.) supplied with LPS or only LPS injected groups were applied in same condition.
Clinical assessment of arthritis
Arthritis development was monitored in the four limbs using a macroscopic scoring system. Briefly, one point was given for each swollen or red toe; one point for each swollen joint (metatarsal-phalangeal joints, metacarpal-phalangeal joints, proximal interphalangeal joints, and distal interphalangeal joints); and five points for a swollen ankle (maximum score = 15 per limb and 60 per mouse) [12] . The mice were examined on days 0, 3, 7, 10 and [14] after the mAb injection. The thickness of each paw was measured in a noncontact manner using a Simplified Geometry Measurement System (Advanced Design Research Technology Co., Ltd). Images of the paws of each mouse were recorded three times. One trained researcher who was blinded to group treatments evaluated the image data independently.
Histological examination
The ankle and knee joints were fixed in 10% formalin, decalcified, trimmed, and embedded. Sections were prepared from the tissue blocks and stained with hematoxylin and eosin. Histopathological scoring was performed as described below. Ankle joints of arthritic mice were given inflammatory scores of 0-5 to describe the inflammation according to the following criteria: 0, normal; 1, minimal infiltration of inflammatory cells in the periarticular area; 2, mild infiltration; 3, moderate infiltration; 4, marked infiltration; and 5, severe infiltration [13] . Three independent observers scored each slide, and the average score was used.
RNA isolation, reverse transcription, and quantitative polymerase chain reaction (PCR)
Total RNA was isolated using the Trizol method. Footpad tissues were homogenized in Trizol lysis buffer followed by chloroform extraction (Life Technologies). The RNA was eluted with 20 µl of RNase-free water. All RNA was quantified by spectrophotometer, and the optical density (OD) 260/280 nm ratio was determined. For cDNA synthesis, 5 µg total RNA was reverse transcribed at 50
• C for 60 min using 200 units of Superscript III reverse transcriptase (Invitrogen). The primer sequence was as follows: IL1-β, forward primer (5'-CCAGCAGGTTATCATCATCATCC), reverse primer (5'-CTCGCAGCAGCACATCAAC); and GAPDH, forward primer (5'-TGGCAAAGTGGAGA-TTGTTGCC), reverse primer (5'-AAGATGGTGAT-GGGCTTCCCG). The SYBR Green master mix kit (Bio-Rad) was used for all reactions with real-time PCR. Briefly, PCR was performed as follows: 94
• C for 2 min followed by 40 cycles of denaturation; annealing; and extension at 94
• C for 15 s, 64
• C for 30 s, and 72
• C for 45 s; and final extension at 72
• C for 10 min. The PCR reaction was performed in triplicate for each sample for all the products and for the GAPDH control. Ratios for each product relative to GAPDH mRNA were calculated for each sample. The data presented are expressed as the fold-increase or fold-decrease in mRNA level. For all real-time PCR assays, the products were run out on a gel to confirm the presence of a single band. Footpad thickness increased markedly from day 3 to 7 and was much higher on days 7 to 10 compared with baseline. There was little change in arthritis score and footpad thickness in normal control, LPS injection group and Isotype IgG injection group mice (n = 3). Values represent the mean ± SEM. P < 0.001 in day 7,10 and 14.
Cytokine assay
Knee joint fluid irrigation with 300 µl of PBS and serum from BALB/c mice were harvested on day 0, 3, 7, 10 and [14] and an enzyme-linked immunosorbent assay using purified monoclonal antibody-coated plates was used to measure IL1-β concentration. All procedures followed the manufacturer's protocol (R & D Systems, Minneapolis, MN, USA). Cytokine concentration was measured using an MRX microplate reader (Dynex Technologies, Chantilly, VA, USA) at 450 nm (reference 540 nm).
Statistical analysis
Data were analyzed by the Mann-Whitney U test and are expressed as mean ± SEM. A P value < 0.05 was considered significant.
Results
Systemic inflammation reflected changes in the arthritis score and footpad thickness in the acute stage of CAIA
One day following the injection of LPS (four days after injection of CII mAbs), the mice developed diarrhea and general weakness, and their activity decreased; body weight decreased and remained low until day 10 after induction of CAIA. Slight signs of swelling were observed on day 5, and these continued to increase until days 7-10, when the swelling and redness peaked. The arthritis score was 0 ± 0 in normal mice (n = 3). Arthritis scores increased suddenly between days 3 and 7, and were highest between days 7 and 10, then moderately decreased on day 14 (Fig. 1A) ; the mean score was 35.63 ± 5.35 on day 7, 35.66 ± 5.33 on day 10 (n = 8, P < 0.001), and 16.643 ± 2.509 on day 14 (n = 7, P < 0.01). The significant difference in disease severity was observed between control mice, isotype IgG injected, LPS injected, and CAIA groups. Footpad thickness increased dramatically from days 3 to 7 and remained high on day 10, then decreased on day 14 (Fig. 1B) . Compared with the baseline value, the footpad thickness increased by 0.694 ± 0.116 mm on day 7, by 0.975 ± 0.18 mm on day 10 (n = 8; P < 0.001) and by 0.623 ± 0.133 mm on day 14 (n = 7; P < 0.01). These data indicate that the pathogenesis developed systemically. The changes of arthritis scores and footpad thickness in isotype IgG injected group and LPS injected group were almost the same as normal control group.
IL-1β concentration increased in irrigation fluid from the knee joint and serum in the acute stage of CAIA
There was a significant difference between CAIA and normal mice for IL-1β concentration in the serum and the irrigation fluid from the right knee and left knee. There was no significant difference between these variables in the irrigation fluid from the right knee and left knee. IL-1β concentration was lower in the serum than in the irrigation fluid from the knee joints. On day 10, the serum IL-1β concentration was 48.81 ± 6.68 pg/mL in CAIA mice (n = 8) and 29.40 ± 3.43 pg/mL in normal mice (P < 0.05). At the same time, IL-1β concentration in irrigation fluid from the right knee joint was 209.60 ± 44 pg/mL in CAIA mice (n = 8) and 15.70 ± 7.8 pg/mL in normal mice. IL-1β concentration in irrigation fluid from the left knee joint was 306.30 ± 69.2 pg/mL in CAIA mice (n = 8) and 18.75 ± 9.6 pg/mL in normal mice (P < 0.01). Kinetic expression of IL-1β in serum was presented in Fig. 2 , and the data from CAIA group were significantly different from other groups on day 7, 10 and 14 (P < 0.001) (n = 3 on day 3, n = 4 on day 7 and n = 3 on day 14 in isotype IgG injected and LPS injected group). The similar expression kinetics of IL-1β were observed in knee irrigation and sera of CAIA group, but the level is much higher in knee irrigation than in serum. There is no significant difference between other group on day 3, 7, 10, and 14.
IL-1β mRNA was highly expressed in synovial tissue of the knee and footpad in the acute stage of CAIA
On day 10, the relative expression levels of IL-1β mRNA were 1505.61 ± 681.2 in the knee joint (n = 10) and 1583.74 ± 907.5 in the footpad (n = 14). There was no significant difference in IL-1β mRNA expression level between the knee joint and footpad on day 10.
Histopathological changes in the knee joint and ankle joint in mice with CAIA
The histology also showed that inflammation developed locally in the ankle and knee joint areas, as indicated by the infiltration of immune cells, including neutrophils, macrophages, and some lymphocytes; neutrophils were the predominant type of immune cell. Vascularity increased in the inflamed synovium. On day 10, the inflammatory score reached a mean of 3.84 ± 0.22 in the left knee, 3.75 ± 0.26 in the left foot, 3.63 ± 0.33 in the right knee, and 2.81 ± 0.56 in the right foot (n = 8), indicating a marked inflammatory response. There was no significant difference in inflammatory score between the right and left knee joint or ankle joint (Fig. 3) . The average inflammatory score in knee joint was 4.5 ± 0.189 on day 7 (P < 0.001) (n = 4), 3.8 ± 0.143 on day 10 (P < 0.001) (n = 8) and 2.1 ± 0.812 on day 14 (P < 0.05) (n = 3) in CAIA group (Fig. 3) .
Discussion
CAIA is commonly used as a model of RA for screening of antirheumatic drugs because it is similar to human RA [5] . CAIA offers several key advantages over the classic CIA model, including rapid disease onset, high uptake rate, synchronicity, and the capacity to use genetically modified mice, such as transgenics and knockouts [14] . Our aim is to develop a therapeutic reference in a single knee joint using the CAIA model to simplify and the lower the cost of research on RA because we can compare therapeutic results between the knee joints in individual mice.
There were no previous report about IL-1β concentration in knee joint in CAIA model and only a few reports about IL-1β in serum and footpad. Kagari and his colleagues previously reported that the levels of IL-1β in the hind footpads were low from days 0 to 3, slightly increased from day 3, and reached a plateau on day 5, but plasma level of IL-1β remained very low from days 0 to 7 post-LPS injection [15] . IL-1β, IL-6 and TNF-α were also elevated transiently in serum after LPS injection and reached a peak at 2 to 4 h. Other reports also suggest that IL-6 in sera and hind paw is not involved in the development of CAIA [15] [16] [17] [18] . Although the concentration of TNF-α in hind paw was lower than the lower detection limit of ELISA from days 0 to 7, a transient elevation of the TNF-α level was confirmed from days 3 to 4 [15] . IL-1β has been reported to positively correlate with the arthritis score in footpad [15] . In our results, the serum level of IL-1β in CAIA was 48.81 ± 6.68 pg/mL on day 10 but the level in knee joint irrigation was much higher (209.60 ± 44 pg/mL) at the same time, suggesting that IL-1β in joint irrigation is a good candidate marker for CAIA. Although the inflammatory scores differ between the right knee, left knee, right ankle, and left ankle joints, the relative expression level of IL-1β mRNA and serum concentration of IL-1β were similar in the knee and ankle joints, and the concentration of IL-1β in irrigation fluid from the knee joints was markedly higher in the CAIA mice than in the control mice. The IL-1β concentration was much higher in the irrigation fluid from the knee joints than in serum in CAIA mice. These results indicate that the major inflammatory changes occurred in the joints.
Our results also indicate that the levels of IL-1β in both sera and knee joint irrigation from LPS-injected mice or from isotype control antibody-injected mice are quite low, indicating that the inflammatory effects in CAIA require both specific antibodies and LPS, and LPS alone is not likely to induce the high level of IL-1β in mice.
There are several advantages of this model: only a small sample of synovial tissue is needed, inflammatory markers may be studied in a small volume of irrigation fluid obtained from the knee joint, fewer animals or smaller doses of drugs are needed, and the responses may be studied in individual joints rather than on the systemic level. However, this model may give incomplete histological information about changes in the tissues. Our data show that IL-1β concentration in the irrigation fluid and IL-1β expression in the knee joint are potential markers of disease progression. This CAIA mode has potential in the evaluation of antiinflammatory effects of drugs in a closed-knee environment.
